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Objective: Laparoscopic partial nephrectomy is a technically challenging procedure. 
The most important step is to achieve hemostasis during parenchymal resection. We 
evaluated the feasibility of thulium:yttrium-aluminum-garnet (Th:YAG) laser partial 
nephrectomy in a porcine model.
Materials and Methods: We performed bilateral transperitoneal laparoscopic partial 
nephrectomies with a 600 μm end-firing laser fiber and a 70 W Th:YAG laser setting 
in five pigs. Perioperative data including operative time, laser time, estimated blood 
loss and serum creatinine before and after surgery were collected. Ex vivo retrograde 
pyelography was performed to detect collecting system leakage after specimen removal.
Results: Laser resection and hemostasis were successfully accomplished in all cases, 
and no perioperative complications occurred. Mean estimated blood loss was 50 mL. 
Mean laser time was 20 minutes. Mean resected renal mass was 25% of total kidney 
mass. After 14 and 28 days, exploratory laparotomy found no urinoma formation.
Conclusion: Laparoscopic partial nephrectomy using Th:YAG laser is a feasible surgical 
method in the porcine model. Future clinical application is warranted.
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1.  Introduction
The detection of incidental small renal masses has in-
creased recently, which has inevitably increased the 
popularity of partial nephrectomy.1,2 Partial nephrec-
tomy performed by laparoscopic technique is challeng-
ing; it was first reported by Winfield et al.3 in 1993 and is 
now widely accepted as an attractive treatment option 
for patients with renal cell carcinoma.4 However, laparo-
scopic partial nephrectomy is a technically challenging 
procedure due to difficulties in identifying tumor margins, 
maintaining adequate hemostasis and minimizing warm 
ischemic time in the kidney.5 Several hemostasis methods 
have been reported, including radiofrequency coagula-
tion, gelatin matrix thrombin tissue sealant, and the 
use of a high-intensity focused ultrasound device.6–8 
Control of the renal pedicle is usually required and efforts 
to restrict warm ischemic time cause great stress to 
laparoscopic surgeons. An ideal instrument, which va-
porizes tissue (allowing incision) and coagulates bleed-
ers efficiently and rapidly, is urgently needed. Laser 
technology, such as diode laser and holmium laser, 
has been used in partial nephrectomy.9,10 Because of 
its excellent vaporizing and coagulating capabilities, the 
thulium:yttrium-aluminum-garnet (Th:YAG) laser has been 
used to treat benign prostate hyperplasia obstruction 
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with fair results.11 We investigated the feasibility of 
using the Th:YAG laser in laparoscopic partial nephrec-
tomy and its tissue welding ability in a surviving porcine 
model.
2. Materials and Methods
This study was approved by the Animal Use and Care 
Committee of Taipei City Hospital, Zhongxiao Branch. Five 
pigs, weighing 20–25 kg each, were used in this study. 
Bilateral transperitoneal laparoscopic partial nephrectomy 
was performed in each pig. A 600 μm end-firing laser fiber 
(LISA Laser Products OHG, Katlenburg-Lindau, Germany) 
and a high powered 70 W Th:YAG laser (LISA Laser 
Products OHG) were used for resection and hemostasis 
in all pigs.
The surgical method was designed and tested in the 
first pig without control of the renal pedicle. The incision 
started from half way between the renal pedicle and the 
tip of the kidney (Figure 1). About 25% of the whole kid-
ney was removed accordingly. In the first pig, the laser 
energy setting was tested from 5 W to 70 W. This first pig 
was sacrificed immediately after the procedure to check 
the feasibility of laser resection and coagulation of renal 
tissues. Ex vivo retrograde pyelography was performed 
after specimen removal to evaluate the leak point pres-
sure of welded renal tissue. We used a modified Jackman 
bleeding scale (grade 0 = dry; grade 1 = parenchymal 
oozing; grade 2 = moderate bleeding; grade 3 = steady 
bleeding; grade 4 = no hemostasis).12
Perioperative data including operative time, blood 
loss, specimen weight, and energy consumption were 
recorded. In the remaining four pigs, bilateral transperi-
toneal laparoscopic partial nephrectomy was performed 
using a four-trocar method with no renal pedicle control. 
The final energy settings used were 70 W for renal pa-
renchymal incision, 40 W for tissue coagulation and 5 W 
for tissue welding.
Three pigs were sacrificed 2 weeks after the procedure 
to evaluate the subacute change in the renal parenchyma. 
The last pig was sacrificed 1 month after the procedure to 
evaluate the chronic change in the renal parenchyma. 
All removed kidneys were sent for histological analysis.
2.1.  Surgical technique
The pigs were anesthetized using ketamine 20 mg/kg, 2% 
xylazine 3 mg/kg, and atropine 1 mg/mL. After endotra-
cheal intubation, anesthesia was maintained with intra-
venous pentobarbital 30 mg/mL/kg and pancuronium 
0.04 mg/kg. The pigs were put in supine position and in-
clined to the right side about 45 degrees. Pneumoperi-
toneum was created up to 15 mmHg and a four-trocar 
method was used for laparoscopic partial nephrectomy. 
The overlying peritoneum was incised using 5 mm J-hook 
electrocautery to explore the right kidney. The kidney 
was fully mobilized so that the low pole of the right kidney 
and renal hilum was exposed.
One 600 μm end-firing laser fiber (LISA Laser Products 
OHG) and a 70 W RevoLix Th:YAG laser (LISA Laser 
Products OHG) were used for resection and hemostasis 
with no renal pedicle control in all five pigs. One dual 
channel laser fiber adapter with continuous normal sa-
line irrigator (Figure 2A) was used to assist laser partial 
nephrectomy. The laser fiber was inserted into the irriga-
tor and continuous normal saline irrigation was used to 
minimize the amount of smoke created with the Th:YAG 
laser during kidney resection. During the surgical proce-
dure, the laser energy setting was 70 W for kidney incision; 
the setting was adjusted to 40 W once major parenchymal 
bleeding was found. Although there was lots of smoke 
during laser resection, the smoke was evacuated through 
manual insufflation and desufflation maneuvers via the 
trocars and endoscopic suction-irrigation device. After re-
section of the low pole of the right kidney, complete he-
mostasis was confirmed at the energy setting of 40 W and 
the collecting system was welded using an energy setting 
of 5 W. The same procedure was performed for the left 
kidney. The specimen was removed through an extension 
of the trocar site wound.
The pigs were transferred to an animal cage after 
extubation and recovery from general anesthesia. 
Prophylactic antibiotics with gentamicin 2 mg/kg were 
given every 8 hours for 3 days. On day 14, three pigs 
were sacrificed and both kidneys were harvested 
through a midline incision. On day 28, the last pig was 
sacrificed and both kidneys were removed in the same 
way. Ex vivo retrograde infusion of normal saline through 
the ureter to the harvested kidney was performed just 
after kidney harvesting. The ureter was connected to a 
regular saline infusion set, and a bag of 500 mL normal 
saline was used for retrograde infusion. The infusion set 
½
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Figure 1 The dashed line represents the incision for laparo-
scopic partial nephrectomy.
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was elevated every 10 cm and the cut surface of the 
renal parenchyma was observed to identify any fluid 
leakage. Intrarenal pressure was measured serially until 
there was fluid leakage at the previously resected renal 
surface in all five pigs. The harvested kidneys were sent 
for histological examination.
3.  Results
All five pigs survived after laparoscopic partial nephrec-
tomy. The Th:YAG laser achieved efficient hemostasis 
throughout the whole procedure. The perioperative 
data are listed in Table 1. Active bleeding occurred with 
injury to segmental renal arterioles, but the bleeding 
was easily controlled when the laser energy setting was 
adjusted to 40 W. There was only minimal bleeding 
(modified Jackman bleeding scale grade 2) throughout 
the whole procedure (Figure 2B). The use of Th:YAG 
laser for the resection of renal tissues resulted in mini-
mal smoke generation, which could be effectively man-
aged with manual evacuation via the trocars and the use 
of an endoscopic suction-irrigation device.
The mean operative time for renal resection was 
20 minutes and mean blood loss was about 50 mL. 
Resection into the collecting system was noted in all five 
pigs. However, there was no urine leakage at 14 and 28 
days as demonstrated by ex vivo retrograde pyelogra-
phy. Intrarenal pressure was measured serially up to 
150 cmH2O, and there was no leakage of normal saline 
in any of the 10 harvested kidneys (Figures 3A & 3B). 
On histological examination, the cut surface showed dis-
ruption of urothelium, fibrosis formation between col-
lecting systems, and coagulative necrosis between the 
renal parenchyma and collecting systems (Figures 3C & 
3D). There was no significant pathological difference 
between the kidney specimens harvested on day 14 and 
those on day 28 after the operation.
4.  Discussion
Laparoscopic partial nephrectomy is one of the most chal-
lenging procedures to perform in minimally invasive sur-
gery. As has been mentioned previously, the most difficult 
part of the procedure is the need to perform it in an expe-
dient fashion to decrease renal warm ischemia. Although 
there is no consensus regarding methods to close the 
renal parenchyma defect, intracorporeal suturing with a 
hemostatic agent is the preferred treatment.13 However, 
intracorporeal suturing requires a steep learning curve 
and is a difficult task for most urologists. To minimize this 
time-consuming portion of the procedure, the search for 
an ideal method is ongoing. The use of tissue coagulators 
and ultrasonic devices have been reported, but most re-
quire renal hilar clamping, and the resulting warm ischemic 
time continues to be a major concern for postoperative 
renal function impairment.14
In 1972, Hughes and Scott15 reported the first laser 
application in animal experiments. Since then, different 
laser techniques have been used in the clinical setting. 
With improved understanding of the mechanisms involved 
and refinements in laser technology, the clinical use of 
lasers in surgery has become widely accepted over the last 
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Figure 2 (A) A specifically designed dual channel laser fiber adapter with continuous normal saline irrigation channel (black 
arrow) to assist in laser partial nephrectomy. (B) Intraoperative photograph shows minimal bleeding from renal parenchyma.
Table 1 Perioperative data
 Mean Range
Operation time (min) 82.5 60–135
Laser time (min) 20.0 15–35
Estimated blood loss (mL) 50.0 30–150
% of kidney resected 25 –
Bleeding scale 2 1–3
Creatinine (mg/dL)  
 Preoperative 1.27 –
 Postoperative 1.20 –
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four decades. Thulium laser, with an adjustable wave-
length between 1750 nm and 2220 nm, allows for rapid 
water absorption in viable tissues, resulting in effective 
tissue vaporization during surgery. In 2005, Fried16 re-
ported clinical experience with thulium laser ablation in 
urinary tissues and found the thermal coagulation zones 
of 500–2000 microns, suggesting the laser’s potential 
ability in effective hemostasis. These findings have led 
to the clinical application of thulium laser in prostate va-
porization. In 2008, Xia et al.11 reported a prospective 
randomized trial that compared the clinical effective-
ness of thulium laser prostate resection and standard 
transurethral prostate resection; thulium laser resection 
of the prostate was a nearly bloodless procedure and was 
as effective as standard transurethral resection of the 
prostate in a 1-year follow-up. Although the clinical use 
of thulium laser in prostate resection has been shown to 
be an efficacious procedure, the application of thulium 
laser in laparoscopic partial nephrectomy warrants further 
investigation.
Laparoscopic partial nephrectomy using laser has 
been previously described in the literature. In 2002, 
Ogan et al.9 reported the use of a 980 nm diode laser 
in five farm pigs, weighing 45–50 kg, who underwent 
laparoscopic partial nephrectomy. There was no renal 
hilar occlusion in all 10 porcine kidneys, but three cases 
required adjunctive hemostatic procedures such as he-
moclips and fibrin glue sealants. The mean operative 
time was 126 minutes, mean laser time was 84 minutes, 
mean blood loss was 150 mL, and the mean weight of 
resected renal parenchyma was 12.1 g or about 23% of 
the kidney parenchyma. There was no urine extravasa-
tion on ex vivo retrograde pyelography. Although diode 
laser partial nephrectomy seemed to be a technically 
feasible procedure, the authors suggested limited clini-
cal application to only small exophytic renal tumors, due 
to adjunctive hemostatic considerations. Laparoscopic 
heminephrectomy with renal hilar occlusion using an 
810 nm diode laser and albumin-indocyanine green 
solder for tissue welding was reported by the same 
group in 2003.17 After laparoscopic cold shear resection 
of the low pole of the kidney, the albumin solder was 
put onto the cut surface of the kidney and laser tis-
sue welding was performed. Mean operative time was 
A B
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Figure 3 (A) The ureter was connected to the normal saline infusion set and the set was elevated serially to detect intrarenal 
pressure. The height of normal saline was elevated up to 150 cm and no fluid leakage was found. (B) The height of the normal 
saline infusion set was kept at 150 cm. Then, 100 mL of normal saline was infused into the renal pelvis. Leakage of normal saline 
was found on the white gauze and could be viewed as tissue disruption after laser welding. (C) Disruption of urothelium after laser 
partial nephrectomy (hematoxylin & eosin, 100×). (D) Histopathological examination reveals coagulative necrosis with lymphocyte 
infiltration after laser partial nephrectomy (hematoxylin & eosin, 100×).
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82 minutes, mean warm ischemic time was 11.2 minutes, 
and mean blood loss was 43.5 mL. The authors con-
cluded that laser tissue welding could provide effective 
hemostasis and closure of the renal collecting system. 
However, the extent of tissue regeneration after the 
procedure was not reported. In 2004, Lotan et al.10 re-
ported their experience of laparoscopic partial nephrec-
tomy using a 2100 nm holmium:YAG laser in a porcine 
model. A total of 10 laparoscopic partial nephrectomies 
were performed. Mean operative time was 60 minutes 
while mean laser time was not stated, and mean esti-
mated blood loss was less than 50 mL. No urinoma was 
found on retrograde pyelography, while there was con-
trast extravasation in 50% of the cases. The authors con-
cluded that holmium:YAG laser partial nephrectomy is 
an effective modality in a porcine model, although clini-
cal trials in humans are needed for further elucidation of 
the role of the laser in human laparoscopic partial ne-
phrectomy. In 2007, Anderson et al.18 reported a study 
of laparoscopic partial nephrectomy using a 532 nm po-
tassium-titanyl-phosphate laser with renal hilar control 
in a porcine model. Mean laser time was 35 minutes 
while mean operative time was not stated. Mean warm 
ischemic time was 34 minutes and mean blood loss was 
80 mL. Active arterial bleeding occurred after removal of 
renal hilar occlusion, but the bleeding was stopped ef-
fectively after adjustment of laser wattage from 80 W to 
30 W. Retrograde pyelography demonstrated no uri-
noma formation, while contrast extravasation was seen 
in seven of eight cases (87.5%). However, significant 
smoke formation hindered visualization and resection 
speed was limited in order to clear the accumulated 
smoke. In 2007, Bui et al.19 reported the first application 
of the Th:YAG laser in laparoscopic partial nephrectomy, 
using a 365 μm laser fiber and 30 W laser machine. They 
reported that effective hemostasis and precise dissec-
tion could be achieved with the Th:YAG laser; renal ves-
sels approximately 1.6 mm in size could be sealed 
effectively. However, there was no collecting system in-
volvement and the small size of the laser fiber and low 
power setting might render their application unsuitable 
for deep renal parenchymal incision.
In our study, Th:YAG laser was used to perform lapar-
oscopic partial nephrectomy without control of the renal 
hilum. Given its continuous wave modes in tissue vapori-
zation, we hypothesized that the Th:YAG laser can pro-
vide comparable or better surgical outcomes compared 
to the other lasers previously reported in laparoscopic 
partial nephrectomy. After 10 laparoscopic partial ne-
phrectomies, our surgical results support this hypothesis. 
In previous studies, significant smoke generation during 
renal tissue resection limited the operation despite the 
use of smoke evacuators.18,20 In our study, we used dif-
ferent laser settings and continuous normal saline irriga-
tion through a specially designed instrument to reduce 
smoke during tissue cutting and coagulation. Although 
the ability of lasers to incise the renal parenchymal and 
collecting systems is not well described in previous re-
ports due to the small size of the laser fibers and lower 
power settings used, we found that successful renal 
parenchymal incision and adequate hemostasis could be 
achieved simultaneously using a 600 μm fiber and 70 W 
energy setting. Although there was no urinoma forma-
tion in previous studies, contrast extravasation was found 
on retrograde pyelography with different lasers.10,17,18,20 
In our study, there was no fluid leakage on ex vivo retro-
grade pyelography. These data suggest that further 
investigation is warranted regarding the welding ability 
of the Th:YAG laser, which might be used for future 
laparoscopic reconstructive procedures.
Although Th:YAG laser partial nephrectomy showed 
promising results in this study, there are some limita-
tions. First, the porcine model has differences from 
human renal surgery. Since pigs are significantly smaller 
(their weight is around 20–25 kg) than humans, their 
kidneys are also significantly different from human kid-
neys. Thus, the clinical application of Th:YAG laser in the 
human kidney requires further investigation. As demon-
strated in previous studies, although many kinds of la-
sers have been used to perform adequate laparoscopic 
partial nephrectomy, few have been on clinical applica-
tion in the human kidney. The difference in kidney size 
and the resulting pulsatile pattern of larger renal vessels 
might be a key factor affecting the clinical application of 
laser partial nephrectomy. Second, we did not take di-
verse clinical situations into consideration in this study. 
Tumor location and size, depth of tumor invasion, tumor 
multiplicity and margin status were not evaluated in this 
study. All of these factors play important roles in the 
clinical setting and may affect the success of laparo-
scopic partial nephrectomy. Since laparoscopic partial 
nephrectomy is mainly used to treat renal malignancies, 
adequate resection to achieve satisfactory oncological 
control is the main goal of the operation. Clinical appli-
cation of the Th:YAG laser in humans requires great care 
and deserves further investigation.
To conclude, laparoscopic Th:YAG laser partial ne-
phrectomy without renal hilar occlusion provides ade-
quate surgical resection and hemostasis in a porcine 
model. The laser’s tissue welding ability to seal the collect-
ing system deserves further investigation. A well-designed, 
prospective study in humans is required to explore the 
real potential of the Th:YAG laser in the clinical setting.
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